Fig. 3. Change of energy spectrum function E(k,t) with time.
dimensional analysis, are comparatively similar in performance to the empirical equation.
In conclusion, it is necessary to decide suitably uncertain constants y for application of the previous hypotheses to an explanation of the trubulent energy transfer mechanism. The hypotheses still involve a practical problem, since they have not clarified the procedure for deciding the constants y. In that respect, the empirical equation poses no problem. tried to correlate the previous experimental results of froth-to-spray transition, he has failed to predict the dependence of the transition on physical properties of the liquid.
In the present study, correlations of the froth-tospray transitions are obtained by using the previous transition results for single orifice,9) and the difference between bubbling-to-jetting transition at a single orifice and froth-to-spray transition on a plate was studied experimentally by increasing the number of holes.
Experimental Apparatus and Procedure
The experimental apparatus and the procedure used are the same as those described in a previous paper,9) with orifice diameters extending over the range 0.204-0.603 cm, the number of holes of 2-7 and pitch of 0.332-1.475cm. All of the orifices used were made of brass plate. Geometries of these orifices are listed in Table 1 . Water was used as liquid. Figure 1 shows photographs taken in the case of the orifice having two holes. Obviously, we can find meniscus, steady jet, pulsating jet and transient jet expected for a single orifice.9) The transient jet is similar to the pulsatingjet whose diameter varies from the orifice diameter to a few times that length, whereas it occasionally breaks, the discontinuity of the jet being noticed. As shown in Fig. 1(A) , two jets issuing from two holes do not contact each other at large P/D. However, the interaction between them is noticed by visual observation. On the other hand, Fig.   1 (B) is for P/D of 1.74, the value of which is smaller than that in Fig. 1(A) . Twojets contact, then coalesce and behave like a jet issuing from a single hole. Therefore, the interaction is very violent.
Results and Discussion
Transition points were determined here by using the change of free entrainment rate and finding the phenomena shown in Fig. 1 . The free entrainment was determined by the rate of liquid supply equal to the entrainment at steady state. These have been used previously by the present authors9* to characterize the single-orifice bubbling-to-jetting transition.
In a previous paper, 9) The transitions from pulsating to steady jetting for multiple orifices listed in Table 1 were in good agreement with the experimental correlation for single orifice. 9) In operation of industrial perforated plates, transient jetting is presumed to take place at random in 212 the froth regime because the gas velocity through a hole in the froth regime fluctuates for the pulsation of the liquid on a plate.9) Therefore, the transition from froth to spray on a perforated plate is presumed to be similar to that from transient to pulsating jetting. Figure 2 shows the correlation of the experimental results of the transition from transient to pulsating jetting by using multiple orifices shown in Table 1 and the transition from froth to spray on a perforated plate observed by previous investigators.5'n'12 '14'15) From Fig. 2 , which shows the case of Bo>4, the transition from froth to spray is correlated well with the empirical equation for single orifice expressed by the solid line.9) In the range of Bo<4 shown in Fig.   3 (A), however, the dimensionless liquid depth H/D for a perforated plate is somewhatlarger than that for single orifice, and the following empirical equation is obtained.
H/D=0.2(Fr*y'23(Bo)0 8 ;
1.5<Bo<4, l.5<Fr*<10 (1)
The dashed line is the empirical equation for single orifice presented in the previous paper.9) The difference mentioned above is presumably due to the interaction between adjacent jets as shown in Fig. 1 . for single orifice, while increasing gas velocities and decreasing the pitch give agreement of the experimental results with Eq. (1). Therefore, the results for VOL. 17 NO. 2 1984 perforated plates in the range of Bo <4 are presumed to be correlated with Eq. (1) becaue of the interaction between adjacent jets.
